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IN RE INVESTIGAIIQN OF AN ACCIDTNT WHICH QCCURRED ON THE
ATLAUTA, BIRMINGHAM & ATLANTIC RAILWAY AT CASCADE
CROSGING, GA., ON SEPTEMBER 7, 1%<1.

September 28,1931.

On September 7, 1921, there was a derailment of a
freight train dn the Atlanta, Birmingham & Atlantic Rallway
at Cascade Crossing, Ga., which resuited in the death of 1
employee and anjury to 3 employees.

location and Method of operation.

The line on which this accident occurred 1s part of
the Birmringham Division and eXtends from Atlanta, Ga., to
Manchester, Ga., a distance of 78.2 miles. It 1g single-
track, trains being operated by time~table and train orders,
no form of plock systerm being used.

The pcint of derailment sas under an overhead highwmay
bridge known as Cascade Crassing located about 10 miles east
of Atlanta. It i1m st the foot of a descending grade for
eastbound trainsg varying from .5 to 1 per cent, 42 miles in
length and at the beginning of an ascending grade varying from
.88 to 1 per cent 3% miles 1n length. Beginning at a point
about &,100 feet west of the point of accident and proceeding
eastward the line 1s tangent for 1,000 feet. This 1s follow-
ed by a B~degree curve to the right 1,370 feet 1n length and
having a superelevation varylng from .5 to 6 inches. The
overhead highway bridge 15 1,108 feet from the begimming of
this curve. At this point the track passes through a cut
approximately 20 feet deep. The bridge 1s about 1la feet wide,

of wooden construction and 1s gupported by four bents, two
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on sach side of the track. The ini*tial point of derailment
appeared tc have been urder the sastern edge of this bridge
on tae left hand rail.
The track at tnis point 1s laid with 80-pourd 33 foot
steel ralls c¢n cypress ties, acout 20 ties tc the rail.
The ballast 1s slag ard acout 18 inches in depth. The rails
are fastened sith 4-hcle angle bars and the bolts are stag-
gared, Tie plates are used tnrough the cut and the rails
are single spiked. The trackis fairly well maintained.
Description.
Eastbound freight extra 102, ccnsigting of locomotive
100, 33 loafed and 2 empty cars and a caboose, 959 tons,
en route from Atlanta, Ga., to Fitzgezaid, Ga., was in charge
of Conductor Ross and Engineran Morris. At Bellwood Yard,
1ts initial station 1t received the following train orders:
Order No. 10
Order No. 13 of Sept. 8th, 1s aanulled. Do
not exceed speed authorized by bulletin at any
point and approach all bridges curves and switches
carefully account of track having been tampered with.
Reduce speed to 10 miles an hour at D.275-1/3 M.P.
and at D.g83-1/z W.P.
Order No. 14.
Eng. 102 run extra Bellwood to Manchester.
In addition the crew was gaven the following message:

To C. and E. Extra 102 East.

Run 71th extreme caution tonight Bellwood
to Manchester and loock ocut for trouble.

A. L. M. (Supt.)
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The train left Bellwood Yard at 8.00 p.m. and was
der&iled at Cascade Crossing 7.5 miles east of Bellwood
at 8.30 p.m. while running at a speed estimated by members
of the crew to have been between 15 and 20 miles per hour.

The engine and tender came to rest on 1ts right side,
parallel to and about 10 feet south of the south rail with
the forward end of the engine 233 feet east of the initial
point of derailment. The pilot had been torn off and the
engine truck was on the roadbed about the middle of the en-
gine. The left front engine track wheel was miss.ug and
found at the top of the embankment on the left sife of the
track where 1t had apparently been thrown and rolled some 130
feet east from the inmitial point of derailment. The first
car, loaded with sheep, came to rest at right angles across
the track with 1ts left front corner at the rear of the
tender. The next, a box car, was derailed and came to rest
at the left of and parallel to the track. Following this
were 3 box cars airectly across the track, another box car
to the left of and parallel to the track. The next 7 cars
including an empty tank car were stacked side by side almost
directly across the track, the last 2 remaining under and
supporting the highway bridge, the bents of which had been
displaced by the derailed cars. The last car to be derailed
came to rest on the roadbed with 1ts forward end turning to

the south. The 3rd, 7th and 9th cars being old and entirely

of wooden construction were practically destroyed. The
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repalnder of the train including the aary gf gheer, nons of
whaich were njured, vas s8lipghtly dazaged. The locomotive
was very slightly damgged and bore no marks to indicate the
cause of Geraiiment. The glass in the nezdlight and the
glass 1n the vandov on the left side ¢f the cab remained
intact.

The track wvas cadly torn up; the rails displacsd
and tvies shattered. There was evidence given to show
that Girectly under the east side of the bridge and under
the left hard rail there was found after the accident a
crater in the ballast conical in shape about & feet in diam-
eter witn a maxirum depth of 18 1inchas.

The ra:rl immediately over the point where this crater
w258 found was an opeh hearth Tennessee ra:l rolled in april,
1916, heat No. 74316, ingos letter D. After tae accident
this ra1l was found to have a sharp outward berd or kink,
located about <l-inches from the delivering end of the raal.
Coincident with this bend there was a crescent shaped piece
about 3-feet in length broken from tne inside of the base
of the rail and pent dosnvard at each end. A4bout the middle
oI this break and also about the miadle of the outward bend
of the rall there appeared on the nhead of the rail a éalght
uprard kink. Aboyt 3 inches back of this there was a slight
downward kink, at which point the impression of the chiller
marks appearing on the tread of the forward engine truck

wheel could be plainly seen on the head of the rail. There
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were also severa] o*her marks and abrasions on the rail but
all of which were apparently the result of the derailment.
Summary of evidernce.

Locomotive 103 i1s of the «-6-0 typs having a total
length including tne tender of 67 feet. The weight of
the engine alone 1s 188,200 pounds of wanich 18,700 pounds
rest on each pair of the engine truck wheels. The run-
ning gear and under side of the engilne tore no marks which
vould indicate the cause of the derailment. Parts of
troken pilot slats were found scattered over a ccusiderable
area ahead of the engine, the most distant being 49 feet
east from the 1nitial point of derailment. The axle and
reqalinlng wheel of the forward pair of wheels of the engine
truck remained practically an place in the truck frame, the
left journal Wox being destroyed. The axle was found %o
have a slight bend of about 5/8 inch at the left journal
bearing. The engine truck wheels were 38-inches in diameter.
The forward pair were of cast iron made by the Southern Car
Wheel Company and each were cast June 8, 1931. The record
produced by the railrcad company shows that the wheels were
placed on the axle by the Atlanta, Birmingham and Atlantic
Ry. co., at the Fitzgerald, Ga., shops, between June 23 and
June 87, 1931, and that a maximum pressure of 50 tons was
used 1n forcing them on, They were applied to engine 102
at Atlanta, Ga., on August 11, 1921, and up to the time of
the accident had made approximately 1400 miles.

The end of the axle from which the wheel was detached
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bore slight tool marks but showed no other unusual indica-
tions. According to statements of railway officials who
were on the ground shortly after the accident occurred the
first marks made by the wheel appeared on the left hand em-
bankment about ll-feet above the ton ¢f the rail and aboub
60-feet from the initial point of derailment. The second
mark appeared acout 13-feet further cn ard nearer the top of
the bank. Both marks appeared to have been made by the
tread and flange of the wheel as 1f 1t had been rolling.

At the top of the bank a flange mark could be traced 1n a
semi-circle to the point where the wheel came to ~est on 1its
side about 50-feet from where 1t first reached the top of
the bank. These marks seem to indicate that when the wheel
left the journal 1t rolled on its edge 1n a diagonal line
until 1t reached the top of the bank. The wheel bore no
marks whicn would give any indication of the cause of the
accident.

Considerable evidence from persons living within a
radius of 4% miles of the point of accident was 1ntroduced
tending to show that the sound of an explosion was heard by
them about 8.30 p.m. on the naght of the accident.

Conductor Ross of extra 108 stated that approaching
the point of accident he was riding in the cupola of his
caboose. The air brakes had been applied but when the train
was about one-~half mile from the beginning of the ascending
grade the brakes were released. At the time of the acci-

dent he estimates the speed of his train to have been between
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15 and 30 miles per hour. The first andication of trouble
which he recaved was the sound of an explosion from the
forwerd end of the train followed by four distinct jars.

He lookea at nis wsateh 1mmeaiately and found the time to be
8.30 p.a. He stated there was no explosive 1n his train
and that none of tne freight cars were olown up.

Brakemen Wilson stated that at tne time of the accai-
dent he was riding on the fireman's seat on the left side
of the engine. The engineman had released the brakes and
the train was running smoothly. When tie engiry was under
the bridge there was an explosion which raised the engine
up from the rails and 1t czme down on the ties. He esti—-
mated the speed of the trein to have been 18 or 20 miles
per hour.

Fireman Powell stated that he received no warming
prior to the exp@051on. The explosion was accompanied by
a flash. He substantiates the statement of the brakeman
that the engine was raised from the rail and geame down on
the ties.

The enginerman was killed by the overturning of the
engins .

An extra fireman alsc riding on the engine was injured
by escaping steam and died a few days later without maxang
any statement.

Assistant Superintendent Huddlieston stated that the
slow order given to extra 102 was a standing order given to

all trains ana that the bulletin referred to in the order
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restricted the speed of freight trains to 20 miles per hour.
The additioral message given to the crew before leaving 1ts
initial stetion was sent by him on account of the actions
of certzin parties under obsarvation which lead to the
belief tnat an attempt at violence might be maae that night.
He stated that he arrived at the scene of the accident about
2.00 a.m. and made an examination of conaitions. He found
a bowl-shaped hole about 4-feet 1n aiameter and 18-inches
deep irn tae buallast under the left hand reil about the center
of the bridge. The broken and bent porticon of tie rail
appeared directliy over the hole and the crosg ties were
blown to pieces. He examined the track west of the crater
and found no marks which would indicate a derailment, parts
of the pilot were found scattered a distance of 4239-feet from
the hole. The left front engine trmack box was destroyed
eana the frome of the engine truck was bent slightly upward.
He found no marks indicating a loogse engine truck wheel.

Dr. Dumas, a chemist employed by the A.B.& A-Ry.
to make an investigation stated that he arrived at the scene
¢f tne accident about 5.45 p.m. on the day following. He
made an examination and took samples of earth from the bottom
znd sides of the crater. In the crater he found a fragent
of 1ron wire about 2 inches long, a piece of rubber insulation
zbout an inch long and several small particles of wrapplng
consisting of o1l paper and tinfoil, in alternate layers, and
in this wrapping was found particles of Kieselguhr. An

examination of %he earth taken from the hole disclosed in-



disputable evidence cf cnlorate of potash and fugar which

vhen taken together form a higa explosive. In his opinion
the crater was mede by an expleosioa ¢f chlorate of potash

and sugar set off by a dynamite detonator.

Master Mechanic McPhail stated that ordinarily a 55
inch axle that 1s 1/64 inch larger in diameter than the
nole 1n tne ®heel will give a good fit at HU-tons pressure
and he believes that to be the standard practice. According
to his records the wheel whach came off wws placed on this
axle somsiime between June 23 and 37, 1221, 50 tons pressurse
being used and that this pair of #heels was plac~d under
engine 102 ¢n August 11, 1221.

Subgequent to the accident the forward pair of engine
“runk wheels was tuxen to the plant of the Southern Wheel
Company at Atlanta, where tests were conducted in the pre-
gsence of representatives of the railroad company, the Southern
Wheel Company, and the Governor's Special Investipgating
Commission, as wéil as representatives of this Bureau teé
aetermine what pressure would be reguired to replace the wheel
The wheels were placed in the press and for the first inch
or Wwo little pressure was reguired, the pressure than grad-
ually 1ncreased until the wheel was fully seated, at which
time a meximum pressure of 15-tons was neached. The pres-
sure was then reversed and the same wheel forced from the
axle. At the beginning 20-tons pressure was applied, at
which point the wheel was started from the axle. The pres-—

sure then fell gradually to zero. In order that a compari-
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son mgat be macde tine oppoOsite wnesl was then placea in the
press and forced fror. tane axle. The wheel started at 65—
tons pressure and gradually fell to zero. The pressure
was thea reversed and tne waeel, forced baCk on the axle
at a gradually increaslng pressure reacaing 40-tons when
fully seated. Following this the wheel vas agaln forced
from tne axle a pressure of 48-tocns being reguired to
start tne wheel from 1ts seat, the pressure then gradually
dropping G zZETI0.

Conclusions.

The evidence as well as an exawination of tue mater-
1al 1nvolvad in this accident indicates that this derailment
Was caused by an explosion.

The mar«s ana condition of the rail point strongly
to the theory that an explosive was placed between the head
and base of tiae left hand rail, which when exploded by the
passage of the left forward engine truck wheel forced the
rall outward and upwazd creating the outward bend and leav-
@ng the impression of tne chiller marks of the wheel on the
head of the rail. The explosive alsc worked downward
shattering the ties taking off a portion of the base of the
rall pending 1ts ends downward, the center being directly
over a tie. It 1s believed that at ine same 1instant tnat
the engine was raised by the explosive the left forward
engine truck wheel was driven from the axle, bencing 1t
slightly, and the force of the explosion togetner with the

movement of the train threw the wheel forward with a rolling
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motion until 1t came te rest at the top of the bank. The
fact that comparawively little damage was done to the loco-
motive, paTrTticulaxrly on 1ts under side, s eXxplained on the
theory that the left front wheel being nearest the explosive
received the vicolence of the shock while the other parts of
the locomotive being more distant received a less severe
blow tut stall sufficient force to raise the engine from
the rail/

At the time of the accident both engine and train
crew had been on duty 1 hour after hawing been o.f duty 26
hours.

An examination was made of the engine, 1ts truck,
axle and wheel, and site of the derzilment inspected by
Mr. James E. Howard, Engineevr- Physicist, whose report upon
the deralilment next follows:

Report of the Engineer-Physicist.

The oerallment of train extra No. 102, on the A. B.
& A. Ry., at Cascade Crossing, Ga., was clearly the result
of an explosion which occurred under the forward end of the
engine on the lbft hand side. The time of the explosion
wi1th reference to the position of the engine was apparently
when the forward left hand wheel of the pilot truck was
over the -explosive. The place occupied by the explosive
seemed to have been near or upon the inner flange of tne outer
or high rail of the track, the track curving to the rigant
at this place, and at a point nearly or gulte underneath the

overhead bridge of the highway crossing.
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Certain parts of the engine, the high rail, the
ties and the roadbed furnished conclusive svidence cof
there huving been an explosilon, shile the testimony of
the personnel of the train, togetner with that of residents
of tne vicinity was confirmavory of this fact, and still
further the recovery of certain unburnt explosive material
from the debris, in the immediate vicinaity of the doraili-
ment, furnished tazngible evidence of the presence of an
exploeive,

Sufficient evidence was presented of a positive
character to cnable judgment to be formed upon the probable
order of events 211 of which took place sithin a very brief
interval of ‘time, measured by seconds or fractions of a seéc-
ond,

The violence of the exprlesicn cccurred ~hoen the
forward left vheel of the engine truck was immediately over
the exrlosive, the gasses disengaged by the explcsive were
at their greatest intensity of pressure it that instant.
The high rz1l w=2s, 71th the excsption of i1ts inner flange,
suddenly forced upwsard, increasing the intensity of the
pressure betwseen the nead of the rail and the tread of the
forvard sheel of the engzine truck. The increase of pres—
sure was so great that chiller marks on the tread of the
chilled iron truck wheel were transferred to the rTunning
surface of the rail head. The chilled iron wheels on the
forward axle had been in service but a short time and the

chiller marks still remained upon their treads.
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The secornd axie of the engine truck was eguipped
w1th steel asheels, thus fixang Tesponsibility for the
chiller mzrks, on the haigh rail, upon tane chilled iron
wheel of the forward axle.

AdZitional evidence of the viclence of the explosion,
at 1ts initial stage, vas presented by the high rail which
aisplayed at the immedizte vicinity of the chiller marks a
short outward kink. It 1s here in evidence that the explo-
sive was placed on or azx1nst the inner side of the nigh
rail,

Hecessarily this sudden local spreading of the gzauge
of the track tended, by reason of frictional resistance
between the head of the rail and the tread of the left truck
wheel, to disengage the wmeel from 1ts axle. The normal
wheel pressure of the truck taken at 9,850 pounds per vheel
was greatly sxceeded -t the instant the chiller marks were
made con the head of the rail. The formation of the outward
kink of the rail 2t this place -ould tend to carry with 1t
the truck wheel, in this wmanner furnishing a longitudinal
component, sith reference to the axas of the axle, which
woula tend to Temove tane <hesl from its axle An zddaitional
component 1s found in the zasses gencrated by the explo-
§1ve, acting against the inner face of the wheel.

High explosives in a confined space develop pressures
of many thousand pounds per square inch, 40,000 pounds per

sGuare inch not being an unusually high pressure. The
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left wheel wasg reported to have been pressed on 1ts axle
with a force of 50 tons. Allowang 80 per cent increase
in resistance against forecing 1t off, 120,000 pounds would
be regquired for 1ts removal. Omitting coasideration of
the influence cf the kinking of tas rail, but taking into
account the area of the flat surface of the wneel, then 1t
would appear thit a pressure of 300 pounds per sgquare incCh,
on the inner face of the whoel, would oe adecuate to remove
1t from 1ts axle. In pressing this vheel on and then off
the axle cubsecuent to the derailment nuch lower prsssures
were required. This would inuaicate that a force less
than 200 pounds per square inch would be ample to blow off
the sheel. In a rathematical sense the acceleration of the
L2ss of the mctal of the wheel and that of the axle must
be considerad. A force suddenly z2pplied to tne face of
the sheel, 1f sufficiently sudden, would remove the wheel
from the axle <ithout imparting much moverent to the axle.

The rheel was detached without injury to 1ts flangs,
1naicatainz thet the anecel must hve been raised from the hez
of tne rail a sufficient height to permit the flange to clear
the rzil rhen the wheel left 1ts z2xle. There was testimony
to the effect that the engine was raised or felt to be.
Gther circumstances connected -1th the derailment confirm
thhe belief that the engine was materially raised at its
forward end, and the wheel ziven the opportunity to pass

over the top of the rail at a stage in the explosion.
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The wheel wag clearly acted upon by a force against
1ts inner face. Gasses under diminished pressure doubtless
filled the space between the surface of the roadbed and the
éngine truck, which expended thelir enerzy in part in olowlng
off toe left hand wheel., When aetached from 1ts axle 1t
deflected from a tangent course, deviating outwardly, richo-
Chetted up the left bank of the cut, rolled around & con-
volute circle of swall dizmeter 2t the top of the bank and
cazre to rest upon cne of 1ts siae faces.

The axle was bent It had a deflection of about 5/8",
the sharpest part of the bend being locatea in the journal
bearing near the inner face of the chilled iTon wheel.

A fragment of vhe inner flange of the rail was bent
into an ainverted U shape. The middle of the len:th of thils
fragment was located over a tie. The ties in this vicinity
were Treported as hivinp been shattered. A number of shatter-
ed, shreddea, ties vtere lying about in the vicinity of the
aerailment when a later inspection of the track was made.
The crater made by the explosive was i1n evidence following
tne derailment.

Fraogments of the pilot were dispersed, some having
been found 2t 2 distince of several hundred feet from the
roint of derailment, sor.e cowing to rest on each side of the
track.

The engine did not take a tangent course as would
be expected i1n an ordinary Jderzilment on a surve, 1t was

deflected to the right and inwardly with reference to the
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Curvature of tiie L-ark, This change in the direction of
the course of the engine 1s accounted for by the action of
the explosive beingz directed chiefly against the left for-
ward part of the truck.
Information «2s not furnished upon the condition of
the lov rail of the curve at the point in the track abreast
the outer rail which 3displayed the short kink. Not unlikely
the explosive shich wuade a crater in the roadbed at the high
side of the track caused more or less destruction to the 1n—
side or lor rzil of the curve, and facilitated the derallment
of tne engine on the inside of the curve. The certer of
effort of the explosive cgoossd the progress of the engine
in & tangent direction, arnd tended to change 1ts course toward
the right, the direction h:ich the engzine actually took.
Slight evidence was presented of the explosion beyond
a limitea zone shich included the crater in the roadbed, the
kinked portion of the ra:l, the frageent of the rail flange,
the detached aheel, 1ts axle and bozxes 3né pilot, There
was of course 2 diffusion of the explosive gasses, and Tequc-
tion of intensity of pressure following their immedizate dis-
enzagement it the time of the explosion. The gasses not
beinz confined, the reduction in pressure took place very
soon after the instant of explosion. The for-ard end of
the engine was raised by the total pressure of moderate
intensity per square inch, the detachuent of the truck
wheel from 1ts axle furnishing evidence of such immediate

reduction of pressure., The effects of an explosion rather
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than that of & detonation were presented by the traok,
rcadbed ani derailed train. The evidence presanted in

‘ detail ana in 1ts entirety harmonizes with the explana-
tion tnat tre derailwent of this trarn vas caused by an
explosive whica vas located on or 1331inst the high rail of
the curve 2nd doubtless so prepared and disposed that the

111-fated train i1gnited tine charge.



